Summary. Assessments of the penetrating potential of human spermatozoa were carried out using the zona-free hamster oocyte penetration test on 4 groups of subjects exhibiting (1) normal fertility, (2) idiopathic asthenozoospermia(< 40% motility), (3) asthenozoospermia associated with varicocoele and (4) oligoasthenozoospermia (<20 \m=x\106 spermatozoa/ml and <40% motility). When the Poisson model was used to correct the results of the in-vitro penetration experiments for differences in motile sperm concentration, significant differences were apparent between the normal fertile controls and all 3 categories of asthenozoospermic patient. Furthermore, the penetrating ability of the motile spermatozoa from patients presenting with a varicocoele or oligoasthenozoospermia was significantly less than that for the group in which asthenozoospermia was the only detectable defect. These results emphasize the practical significance of the Poisson model in the analysis of male fertility and demonstrate that the asthenozoospermic condition is associated with a significant reduction in the fertilizing potential of the motile spermatozoa.
Introduction
Analysis of the functional competence of human spermatozoa has been facilitated by the intro¬ duction of the zona-free hamster oocyte penetration test by Yanagimachi, Yanagimachi & Rogers (1976) . This test assesses the ability of human spermatozoa to capacitate, undergo the acrosome reaction and generate a fusogenic equatorial segment capable of initiating fusion with the vitelline membrane of the oocyte (Yanagimachi, 1984: Aitken, Irvine, Clarkson & Richardson, 1986) . Although the test is not exhaustive, in that it does not examine the interaction between spermato¬ zoa and the zona pellucida (Overstreet, Yanagimachi, Katz, Hayashi & Hanson, 1980) , its clinical significance has been demonstrated in retrospective and prospective studies (Rogers et al., 1979; Aitken et al, 1982a, b; Aitken, 1984; Aitken, Best, Warner & Templeton, 1984) .
We have described the significance of Poisson distribution theory in analysing the quantitative interaction between zona-free hamster oocytes and human spermatozoa (Aitken & Elton, 1984) . One of the consequences of this relationship was that equations could be constructed for correcting the outcome of the penetration test for differences in the concentration of motile spermatozoa in the incubation medium. It was envisaged that this facility would be particularly useful in cases of asthenozoospermia, for which the lack of motility limits the efficiency of layering techniques for isolating the motile spermatozoa.
Idiopathic asthenozoospermia (<40% motile spermatozoa) is present in about 10% of the infertile male population and is also a common attribute of the semen profile in cases of oligozoospermia and varicocoele, which together make up a further 60% of this group of patients (World Health Organisation, 1982 106 cells/ml using the protocol described by Aitken, Wang, Liu, Best & Richardson (1983c) . The outcome of this procedure was described in terms of both the proportion of oocytes penetrated (p) and the degree of polyspermy, i.e. the mean number of spermatozoa penetrating each oocyte (m).
Statistics
Our previous study (Aitken & Elton, 1984) (   -rm) where r = the ratio of the theoretical concentration of motile spermatozoa to the observed concentration in the assay. In the present study this formula was used to correct each result obtained with the hamster oocyte assay to that which would have been observed at a fixed motile sperm concentration of 5 106/ml. In this way the penetrating potential of the motile spermatozoa from normal fertile men could be directly compared with the results obtained with the asthenozoo¬ spermic patients, irrespective of any differences in the initial motility of the semen samples. The Mann-Whitney U test was used to test whether differences could still be detected between groups after correcting the results for differences in motility.
One problem with this form of analysis arises when considering groups of patients exhibiting low motile sperm densities and a high frequency of zero penetration scores. In such instances it is possible that the absence of penetration is a consequence of an inadequacy in the number rather than the quality of gametes. For example an experiment with 20 oocytes and a value for the spermatozoa of 0-2 (typical for normal fertile men) would stand a 14% chance of giving a zero penetration score at a motile sperm density of 0-5 106/ml and a 45% chance of producing this result if the concentration of motile cells were reduced to 0-2 106/ml. Since a sample giving zero penetration will retain its zero score even after correction with the above formulae, a group of samples exhibiting low concentrations of motile spermatozoa might appear less fertile than the fertile controls, even if the fertilizing potential of the motile spermatozoa ( ) was in the normal range. A method is therefore needed which takes the motile sperm concentration into account when assessing how likely it is that a zero penetration score indicates a low value of . A statistical procedure for making these assessments has been devised using maximum likelihood methods (Fisher, 1963) , the full details of which will be reported separately. In essence, the procedure recog¬ nizes that within any group of patients the value of varies from individual to individual and even between repeated samples from the same individual (Aitken & Elton, 1984 (Winer, 1971 ) which gives a variety of positively skewed shapes and has two parameters characterizing the mean value and standard deviation. These can be estimated by maximum likelihood methods and different groups can be compared using 2 tests with two degrees of freedom to test for significant differences in these parameters.
Results Table 1 summarizes the data on the degree of asthenozoospermia exhibited by the patients examined in this study and the outcome of the in-vitro penetration assays. As a consequence of the impaired motility observed in the original semen samples, the density of motile spermatozoa present in the incubation media was reduced from a mean of 51 x 106/ml in the fertile controls to about 1-5 x 106 in the various groups of asthenozoospermic patients. The in-vitro penetration results were also much lower in these patients than in the normospermic controls, particularly in the groups characterized by oligoasthenozoospermia or the presence of varicocoeles, for whom the mean penetration rate fell below 10% (Table 1 
Discussion
This study has utilized the zona-free hamster oocyte penetration assay (Yanagimachi et al., 1976) to determine whether the asthenozoospermic condition is associated with a reduction in the fertiliz¬ ing potential of the spermatozoa. Since this procedure does not examine certain aspects of sperm function, such as penetration of cervical mucus (Aitken, Sutton, Warner & Richardson, 1985) or the competence of human spermatozoa to interact with the zona pellucida (Gould et al., 1983), false positive results are to be expected (Overstreet et al., 1980; Aitken, Ross & Lees, 1983a) . However, because the major property assessed by the penetration assay, sperm-oocyte fusion (Aitken et al., 1986) , is a critical component of the fertilization process, poor or negative results should be of prognostic value (Aitken et al., , 1986 . The fact that the present study has revealed a high incidence of such low or negative results (Fig. 1) in association with asthenozoo¬ spermia suggests that this condition involves a loss of sperm function beyond a simple reduction in motility. The disappointing outcome of artificial insemination therapy in cases of asthenozoospermia is clearly in accord with this finding (Harris, Milligan, Masson & Dennis, 1981) .
Furthermore, analysis of the in-vitro penetration data using the Poisson model described by Aitken & Elton (1984) has emphasized that the impaired penetration rates observed with these asthenozoospermic patients is not simply a consequence of the reduced numbers of motile sperm¬ atozoa because when the results were corrected to a constant concentration of motile cells, there were still differences between the asthenozoospermic patients and the normal fertile controls. Although no assessments of the quality of sperm movement were made in this study we have previously shown that the movement characteristics exhibited by human spermatozoa have little impact on the aspects of sperm function measured by the penetration test (Aitken et al., 1983a (Aitken et al., , 1985 . The quality of sperm motility is clearly a major factor in determining the ability of human spermatozoa to penetrate the zona pellucida and cervical mucus, both of which are heavily dependent upon the shearing forces generated by sperm motility. In contrast, fusion between the vitelline membrane of the hamster oocyte and the human spermatozoon is dependent on gamete contact (Aitken et al., 1983a) rather than any specific attribute of sperm motility.
Statistical analysis of the corrected hamster oocyte penetration data revealed significant differences between the various groups of asthenozoospermic patients. In particular the presence of oligozoospermia or a varicocoele significantly reduced the degree of penetration achieved. While the poor fertilizing ability of oligoasthenozoospermic patients had been repeatedly demon¬ strated in artificial insemination studies (Dmowski, Gaynor, Lawrence, Rao & Scommegna, 1979) , the fact that the presence of a varicocoele significantly reduces the fertilizing potential of the asthenozoospermic patients is strong evidence that dilatation of the internal spermatic vein does make a significant contribution to the genesis of male infertility (Newton, Schinfeld & Schiff, 1980; Vermeulen & Vandeweghe, 1984) . However, it has yet to be shown whether correction of the defect by embolisation of the spermatic vein will significantly influence the fertilising potential of these patients.
The mechanism by which asthenozoospermia is induced is not known although Hong, Chiang, Ku & Wei (1984) have suggested that the spermatozoa of such patients may be unable to maintain a sufficiently low level of intracellular calcium. The inhibitory influence of free ionized calcium on ciliary and flagellar function is well known (Blum & Hines, 1983) and it may be significant that the calcium chelating agents EGTA (ethylene glycol-ò/iB-aminoethyl ether , , ', '-tetra acetic acid) and EDTA (ethylene diamine tetra acetic acid) have a stimulatory effect on human sperm motility (Hong et al., 1984) . The ability of the phosphodiesterase inhibitor, caffeine, to stimulate human sperm motility is apparently associated with the inhibition of calcium uptake (Peterson, Seyler, Bundman & Freund, 1979) . Calcium is also known to be essential for the processes of capacitation (Singh, Babcock & Lardy, 1978) , the acrosome reaction (Yanagimachi, 1982) and sperm oocyte fusion (Yanagimachi, 1978) , all of which are assessed in the zona-free hamster oocyte system. It is therefore possible that the poor calcium homeostasis proposed for the spermatozoa of astheno¬ zoospermic patients may also be responsible for the loss of fertilizing potential observed in the present study.
One possible effect of an imbalance in the levels of intracellular calcium may be the activity in the adenylate cyclase system. The fertilizing ability of human spermatozoa may be influenced by fluctuations in cAMP levels (Aitken, Best, Richardson, Schats & Simm, 1983b) and the adenylate cyclase system of these cells is known to be inhibited by excess calcium, in the presence of the GTP analogue 5'-guanylylimido phosphate (Hyne & Lopata, 1982) . A second possibility is that high intracellular calcium levels may lead to the premature activation of phospholipase A2, a calcium dependent enzyme which acts on membrane phospholipids to produce fusogenic lysophospholipids (Fleming & Yanagimachi, 1981 Ohzu & Yanagimachi, 1982; Llanos, Lui & Meizel, 1982;  Fleming & Yanagimachi, 1984) as well as arachidonic acid. It is possible that one consequence of the premature, sustained activation of phospholipase activity by excessive intracellular calcium is the generation of reactive oxygen species (Smith & Weidemann, 1980; Bromberg & Pick, 1983; Lew, Wollheim, Waldvogel & Pozzan, 1984) which might, in turn, lead to lipid peroxidation (Robak & Sobanska, 1976 ) and a resultant loss of motility (Jones, Mann & Sherins, 1978) 
